heart disease, atherosclerosis and platelet aggregation (Li et al., 2009 ).
65
In recent years, Sanchez et al. (2013) , Galmarini et al. (2013) and Rocha Parra Spray drying can be used as an encapsulation method when it entraps
78
''active'' materials within a protective matrix. The spray-drying technique has been 79 widely used for drying heat-sensitive foods and pharmaceuticals (Masters, 1991 experimented by encapsulated wine when exposed to selected RH % and temperature
98
were investigated by spray drying wine model solutions.
99
No previous studies on spray drying encapsulation of red wine have been previously 100 reported in literature.
101

102
MATERIALS AND METHODS
103
Reagents
104
Glycerol, fructose and glucose were purchased from CICARELLI, Argentine. 
216
It was early noted in present study that spray drying of red wine also had 217 problems of sticking to the walls of the dryer and agglomeration of powder during 218 storage under certain conditions of RH% and temperature. In previous trials it was 219 found that maltodextrin addition below 13.5% resulted in poor process yield and 220 stickeness, and for this reason this maltodextrin concentration was adopted. The dry 221 extract of present red wine is 2.27%, thus, addition of 13.5% maltodextrin leads to a 222 ratio maltodextrin/wine dry solids of about 6. Table 1 shows the results of spray 223 drying of red wine added with 13.5% (w/w) maltodextrin, at different inlet air 224 temperatures, and for each one TMA retention and % solubility.
225
Outlet air temperatures were in the range 75-79ºC ( Thus, althought we did not determine alcohol content in present spray dried wine 259 powder, we may suffely assume that it is a "low" ethanol content product (i.e. below 260 1%). The high TMA retention % observed (Table 1) The begining of crust formation is an important characteristic of spray drying since 290 the evaporation rate is now dependent upon the rate of water vapor diffusion through 291 the dried surface shell. In this period, evaporative cooling is not sufficient to maintain 292 T s = T wb causing a gradual increase in T s . Although the particle will begin to heat it is 293 11 almost at the coolest part of the dryer, where the drying air is at or near the outlet 294 temperature of the dryer. Consequently, the particles are never heated above the 295 outlet temperature of the dryer (75-79ºC in Table 1 ). Red wine used contained 11%
296
(w/w) ethanol and its possible effect on spray drying rates deserves some comments.
297
Ethanol should somewhat facilitate the evaporation process during the constant rate It is interesting to note that the observed reduction in the rate of anthocyanins 366 degradation when moisture content/a w is decreased, contributes to protect against the 367 negative effect of droplets temperature increase following the constant rate period.
369
Behaviour of spray dried red wine stored at 38ºC at increasing RH %
370
It is known that structural changes (such as caking, collapse) in amorphous 371 food powders are a time dependent phenomena and a function of (T-T g ) where T is 372 storage temperature and T g is glass transition temperature (Roos and Karel, 1991 ). Figure 5 shows the behaviour of red wine powder after six days storage at 38ºC under 374 relative humidities of 33%, 43% and 58%. At 43% RH caking of the powder is 375 visually apparent (some color release is also observed) while at same time at 58% RH 376 total structural collapse and release of wine color from the collapsed matrix, is 377 evident. The moisture content for samples humidified at 33% and 43% were, 4.8%
373
378
(w/w) and 7.2% (w/w), respectively. Observed caking/collapse behavior is attributed 379 to the well known influence of moisture content on reduction of T g with 380 corresponding transition from a glassy to rubbery state (Roos, 1995) . Therefore, in 381 samples stored at 43% and 58% RH the structural changes visually observed 382 indicated that the amorphous solid is in the rubbery state, and glass transition 383 temperature of wine powder (T gm ) is below storage temperature; that is, T gm is < 384 38ºC. It is noteworthy that these structural alterations occured despite the high ratio 385 maltodextrin/dry extract wine (about ≈ 6). 
424
On spray drying of liquid foods, the powder particles stick to one another and 425 to the walls of the dryer, leading to low product yield. This behavior was also studied 426 using the wine models which were spray dried. The yield was determined in terms of 
460
Glycerol constitutes a high mass fraction of the dry wine, and since its T g is very low
461
(about -83ºC), it will have a dominant influence on the value of T gm (eq 2) of wine dry The ease of structural collapse of red wine powder at certain relative 490 humidities was mainly attributed to the presence of glycerol which is known to have a 491 very low T g and is also a major constituent of the dry extract of red wine.
492
In the case where it is desired to make a wine to be spray dried for use as an 
